Background: Readmission within 30 days of a COPD hospitalization is a common measure of performance for COPD care. However, most studies of COPD readmission risk have been constrained to a single data source, private payer claims, or Medicare claims data, making it difficult to generalize results from these studies to other populations. The purpose of this study was to examine the risk for readmission within 30 days from time of discharge in patients with COPD using the Healthcare Cost and Utilization Project (HCUP) State Inpatient Database for California for the years [2005][2006][2007][2008][2009][2010][2011]. This statewide dataset allows us to consider all readmissions for COPD regardless of age or payer status. Methods: The total dataset included 28,265,070 visits among 17,918,374 patients over 480 hospitals. We identified patients with a hospitalization, a primary diagnosis related to COPD, age 40 or older, and discharged alive. We found 286,313 hospitalizations that matched this definition and included information on covariates such as comorbidities, age, and insurance status. To characterize the joint associations of these covariates with readmission within 30 days, we used a generalized linear model. Results: Patients aged 40-64 are more likely to be readmitted to the hospital within 30 days of a COPD-related hospitalization than patients 65 and older. This effect persists after adjustment for patient severity, comorbidities, payer, and demographics. Our model featured an interaction of age with insurance type. We found that younger patients (aged 40-64) on public insurance have the highest readmission rates: 14.77% for Medicare and 16.27% for Medicaid. However, younger patients with private insurance have the lowest readmission rates at 8.25%. Additional significant covariates included whether or not the patient left against medical advice, and diagnoses of congestive heart failure and diabetes. In addition, we found that although admissions for COPD were highest in the winter, this is not true for COPD readmissions, which peak in summer. Also, inpatient mortality for patients admitted for COPD decreased from approximately 3% to 1.25% over the study period. Conclusion: Our results demonstrate that many of the risk factors for readmission may be dependent on the data source used. Furthermore, many of the strongest predictors are clearly related to the patients themselves. This observation may help explain why prior programs to reduce readmissions have had limited success.
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality.
1,2 Patients with COPD have different clinical, imaging, and biological phenotypes.
3-6 One of these phenotypes is acute COPD exacerbations (AECOPD), 7, 8 and admissions for exacerbations account for the majority of costs associated with COPD.
9 After discharge, 10% to 20% of COPD patients are readmitted within 30 days.
10,11 Patients who are readmitted following a COPD hospitalization are at greater risk of mortality and have worse outcomes relative to patients who are not readmitted.
12 A number of interventions have been proposed to reduce readmissions.
13 However, these interventions have not shown a reduction in readmissions and mortality.
13
One reason may be the inability to identify patients at the greatest risk of readmission and to target resources to these high-risk patients.
Recently, hospital administrators and the health care community have focused more attention on readmissions among patients with COPD. In an effort to reduce costs and increase quality in health care, the Centers for Medicare and Medicaid Services will penalize hospitals for excess all-cause readmissions within the 30 days following discharge.
14 Starting in 2015, hospitals with excessive readmissions of patients with COPD face the loss of up to 3% of total Medicare reimbursement per year. 14,15 Not surprisingly, this policy change has coincided with an increased interest in estimating the risk of readmissions for COPD-related hospitalizations.
In an effort to expand work beyond single-center studies, researchers have used large, secondary data sources, such as private insurance 11 and Medicare claims.
10 However, these data sources have significant limitations depending on the question at hand. Medicare
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We identified patients with a hospitalization with a primary diagnosis related to COPD (specifically, an International Classification of Disease, 9th edition code of 490, 491.0, 491.1, 491.2, 491.20, 491.21, 491.22, 491.8, 491.9, 492.0, 492.8 were coded as 491.22, obstructive chronic bronchitis with acute bronchitis. The other codes accounted for the remaining 9.05% with only 490, bronchitis not specified as acute or chronic, accounting for more than 3% of the events. Of these visits, 6112 were visits that included the death of the patient, leaving 286,313. A step-bystep overview of the sample size is reported in Table 1 and summary statistics for the final sample population are included in Table 2 . The number of admissions, data, for instance, provides little information about the readmission risk factors for patients younger than 65, and private claims data provides limited information about patients on Medicare, Medicaid or the uninsured. Yet, age and payer status may be important predictors of readmission risk. The purpose of this paper was to examine the risk for readmission within 30 days from time of discharge in patients with COPD using the Healthcare Cost and Utilization Project (HCUP) from the Agency for Healthcare Research and Quality (AHRQ). This statewide dataset allows us to consider all readmissions for COPD regardless of age or payer status.
The summary statistics in Table 2 highlight some interesting unadjusted results. The age distribution between the patients who are readmitted and not readmitted is different. Younger patients were more likely to be readmitted than older patients, with a maximal risk of readmission occurring in middle age (40-60 years old). This finding persists after adjustment for severity and inpatient mortality. Full regression results based on the multivariable generalized linear model are shown in Table 3 . Additionally, the plots in Figure 1 indicate that the primary admission rate is seasonal with a winter spike; however, the readmission rate does not have the same pattern but rather peaks during the summer. This differing seasonality is robust to adjustment for severity and other possible confounders. Compared to January, readmission rates are higher from May to November. Specifically, these months have odds of readmission within 30 days that are 8%-12% higher than January. 
Results
readmission rate by month and mortality rates are included in Figure 1 .
Identification of Readmissions
The interval between 2 stays for a patient was calculated by considering the number of days between the admission date of the current stay and the latest discharge date of the prior stays for that patient. We only considered readmissions occurring between 1 and 30 days after discharge. We did not include sameday readmissions due to transfers and administrative changes, such as moving between units. Using the interval of 1-30 days we can be assured that these reflect true readmissions and not simply patient movement between units or hospitals. Of the 286,313 complete records, 35,030 (12.2%) were associated with at least one re-hospitalization for any reason within 1-30 days.
Modeling
To model the dichotomous outcome of readmission within 1 to 30 days, we used a generalized linear model (GLM) based on a Bernoulli outcome with a logit link function. We divided age into 2 groups, under and over 65, for use as a covariate in the model. Other covariates included gender, presence of do-not-resuscitate orders, primary payer, number of diagnoses, number of procedures, length of stay (log transformed, after adding one), admission month, admission year, admission source (e.g., emergency department, routine, long-term care), discharge destination (e.g., home, transfer, longterm care) and the 29 Elixhauser comorbidities.
17 We also included an interaction term between the primary payer and age group, given the differences in expected health status between Medicare patients under the age of 65 and those over 65.
We only observed post-discharge mortality that occurred during an inpatient stay: if the individual died in the community, long-term care or the emergency department, we did not observe the death in these data. It is possible that this unobserved mortality varied by age, influencing our results. While we do not know if the patient died after discharge, it seems likely that inpatient mortality would be correlated with mortality shortly following discharge. We attempt to capture this relationship by computing age-dependent rates of inpatient mortality. Specifically, we estimated the unadjusted probability of inpatient mortality for each 10-year age group (e.g., 40-49, 50-59, …) and included these age-specific mortality probabilities as a continuous variable in the model.
Because of the potential for clustering effects within hospital and patient, we used empirical (or robust) standard errors, which are consistent in the presence of such effects.
To further examine the relationship between readmission, payer status and age, using the results from the model, we calculated the predicted readmission risk for each patient and grouped the results by payer status/ age group categories. In addition, the likelihood of being readmitted for any admission and for COPD specifically are similar with a rapid decrease in risk over the first several days followed by a more gradual decrease, as illustrated in Figure 2 . Note, however, that for any given number of days after discharge, COPD admissions are more likely to result in a readmission than a typical admission. For ease of interpretation, the mean computed readmission probability grouped by age and payer are reported in Table 4 . Readmission rates for younger patients differ by insurance type. Younger patients on Medicaid have a nearly 6 percentage point increase in risk of 30-day readmission relative to older patients on Medicaid, and an 8 percentage point increase relative to young patients on private insurance. Additionally, these patients have readmission probabilities 1.5 percentage points higher than young patients on Medicare. On the other hand, readmission rates for older patients do not differ by insurance type. The range among the patients older than 65 between payers is under 2 percentage points (9.89% for self-pay to 11.80% for Medicare). In addition, the risk of readmission is elevated for those discharged to home health care or who leave against medical advice, as compared to those discharged to home. Figure 1 highlights changes in volume, readmission and mortality in the COPD population over time. No significant changes occur in the number of COPD admissions in our data but there is a sizable reduction in the inpatient mortality of these patients and a potential upward trend in the fraction of patients being readmitted. Finally, the inpatient mortality rate changes considerably over the study interval from 3% to 1.25% as shown in Figure 1 . The death rate does not appear to
Discussion
Our results show that younger patients with COPD are more likely than older patients to be readmitted, even after controlling for observable comorbidities. Payer status also affects the chances of patients being readmitted: younger people with private insurance are the least likely to be readmitted. Interestingly, these observations would have been more difficult to identify in datasets defined by payer type. For example, with Medicare, most patients are over the age of 65, and with private insurance plans, most patients are under 65, and many are employed. Thus, using convenient sources of administrative data linked to payer status may obscure important risk factors for 30-day readmission. Many of the other risk factors we identified were related to either aspects of socioeconomic status, (e.g., race) or preexisting comorbidities. In general, most of these risk factors are related to the patient rather than the quality of care received. This may help explain why many of the interventions designed to prevent readmissions have not been successful.
Our finding that younger patients are more likely to be readmitted may seem counterintuitive. However, summary statistics in prior analyses have also shown an increased risk among younger patients. 16, 18 We speculate that this finding is due, in part, to a survivor effect: for younger patients to be admitted for COPD, their disease must be very severe. Patients who have survived to an older age may have milder forms of COPD or a much slower rate of disease progression. In addition, interactions between age and payer status also help explain this observation. The least likely to be readmitted are younger patients with private insurance. In fact, younger patients on private insurance have a 38% reduction in the odds of being readmitted relative to younger patients on Medicare. As private insurance is nearly synonymous with employer-sponsored insurance, patients on private insurance are likely either well enough to work themselves or have a partner well enough to be employed. Their disease state and other be seasonal. and a number of other markers for severity, patients on Medicare or Medicaid under the age of 65 are much more likely to return to the hospital within 30 days. We think that the Medicare/Medicaid effect in middle-aged patients is due to the initial severity required to be eligible for Medicaid or Medicare in middle age. These patients differ greatly from middle-aged patients with private insurance. We do not observe a similar payer effect among the elderly. Because all elderly patients are eligible for Medicare, the elderly may not vary in health status among payers as much as younger patients do.
The differences we observe in readmission with regard to insurance indicate that merely providing patients access to health care coverage may not be enough to prevent readmissions. A patient on Medicare or private insurance, for example, should have similar levels of access to care. However, younger patients without insurance are less likely to be readmitted in 30 days than those with Medicare or Medicaid. This implies that patient health is probably a more important factor than insurance coverage in predicting readmission.
Admissions for COPD are seasonal, and are strongly associated with the influenza season in the prior literature.
19-22 However, we did not observe a similar pattern of seasonality in 30-day readmissions risk. Rather, readmission risk was elevated during the summer and early-fall and at a minimum during the winter months. Admissions not driven by respiratory viruses may be fundamentally different from exacerbations that are driven by environmental factors or the underlying disease itself. Alternatively, some of these winter admissions for COPD may be misclassified and may be part of the viral process of influenza-like illness. In any event, strategies to prevent readmission may need to be incorporated throughout the year, not only during the influenza season and these approaches may need to vary across the year to reduce readmission risk. Many efforts to predict hospital readmission have been challenging.
13 and although many of the risk factors are difficult to control, our results suggest that higherrisk patients are identified at the time of discharge. For example, patients that are assigned home health care or that leave against medical advice are much more likely to be readmitted compared to patients discharged to home or a skilled nursing care. It seems reasonable that patients discharged with home health care are more ill or have less social support than patients discharged to home without home health care while being somewhat less ill than those sent to skilled care after discharge. For some of these patients, readmission risk may be reduced by discharging them to skilled care instead of home health. Further investigation of the tradeoff between skilled care and home health care is warranted.
An additional area for future investigations is to explore the relationship between length of stay and readmission for high-risk patients. For example, it may be that some of the patients who went to home health services would be less likely to be readmitted if they had stayed longer during their first hospital admission. The same is true for those who leave against medical advice. Such patients may constitute the highest yield populations for decreasing readmissions. Increasing the lengths of stay in the original hospitalization may lead to fewer readmissions and better outcomes. Finally, some of the comorbidities that we identify, including congestive heart failure and diabetes, can be improved with management. Thus, comorbidities that can be managed and improved during hospitalization and following discharge should be targeted for interventions designed to reduce readmission. For example, clinical trials can be directed towards this high risk population with the intention to reduce COPD readmission. Also, extra efforts could be made to provide pulmonary rehabilitation, an effective treatment for improving symptoms related to COPD.
23
Finally, we observe a drastic reduction in inpatient mortality over the study interval, a change not observed among the entire patient population as a whole (data not shown). The cause of this reduction is not immediately clear. It may be due to the shifting of mortality to the outpatient setting (e.g., hospice and similar end-oflife care) or improvement in treatment quality and effectiveness. Future work is needed to understand the causes of this reduction in inpatient mortality among COPD patients.
Our work is subject to several limitations. First, the data we used were administrative in nature and include no information about the following variables: smoking status, specific laboratory results, imaging, pulmonary function testing, COPD staging or medication use--variables that are important to consider when studying COPD. Second, our results may be driven by censoring due to mortality. Mortality varies by age group and generally increases with age. We included inpatient mortality in the model and the effect was strongly significant. Each percentage point increase in the mortality rate is associated with a nearly 10% decrease in the odds of readmission, even after requiring the patient to be discharged alive. This effect is presumably due to unobserved mortality: people who die cannot be readmitted. By including age-specific inpatient-mortality rates, we can partially control for the differences in post-discharge mortality rates. Furthermore, it is likely that mortality risk for an AECOPD follows a skewed distribution with the risk of death decreasing as the amount of time since the onset of the exacerbation increases. Patients who survive long enough and are stable enough to be discharged may be much less likely to die in the next 30 days than in the days spent as an inpatient. This would tend to dampen the effect of censoring due to unobserved postdischarge mortality. Despite these limitations, our results demonstrate how many of the risk factors for readmission are clearly related to patients themselves, rather than the quality or process of care that a patient receives during a hospital admission for COPD. This observation may help explain why prior programs to reduce readmissions have not been successful. In addition, our results can help design future interventions. Such interventions should target younger patients with Medicare or Medicaid coverage, with multiple comorbidities, and patients who leave the hospital with either home health or against medical advice. Because many of these patient-based features may not be easy to control, and since the Medicare payment implications may have adverse effects on hospitals, future work should focus on characterizing the degree to which readmission risk is associated with patient-level factors as opposed to quality of care.
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